THE INDIVIDUALITY OF THE GERM-NUCLEI
DURING THE CLEAVAGE OF THE EGG OF
CRYPTOBRANCHUS ALLEGHENIENSIS.

BERTRAM G. SMITH.

Early observers of the process of fertilization described the
meeting of the sperm-nucleus and the egg-nucleus, and their
complete fusion to form a single zygotic nucleus, the primary
nucleus of the embryo. ILater it was found that in many cases,
though apparently not in all, the two germ-nuclei merely become
apposed without fusion. In tracing their further history it was
shown, in certain cases, that the germ-nuclei give rise to two
independent groups of chromosomes which separately enter the
equatorial plate and whose descendants pass separately into
the daughter-nuclei. ‘Later observations have given the
strongest reasons for believing that, as far as the chromatin is
concerned, a true fusion of the nuclei never takes place'during
fertilization, and that paternal and maternal chromatin may
remain separate and distinct in the later stages of development—
possibly throughout life” (Wilson, 1900, p. 204). At the present
time there is much to warrant the belief that a fusion of maternal
and paternal chromatin never takes place in the somatic cells,
while in the lineage of germ cells nothing approaching fusion
occurs until a pairing of maternal and paternal chromosomes,
called synapsis, takes place in preparation for the maturation
divisions; then for the first time maternal and paternal chromo-
somes are brought together in intimate and orderly union, in
some cases amounting to fusion.

This conclusion, which is of the most fundamental importance
since it vitally concerns the mechanism of heredity, is based
largely on indirect evidence; for in almost every case apparently
insuperable obstacles have been encountered in the attempt to
trace the respective maternal and paternal chromatin-complexes

through the resting stage of the nuclear cycle. In only a very
246
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few cases has the individuality of the germ-nuclei during this
stage been demonstrated with any considerable success; the
observations of Hicker (1892), Riickert (18935) and Conklin
(1901) are of most importance in this connection and will be
discussed later.

In the developing egg of the amphibian Cryptobranchus alle-
gheniensis 1 have found material very favorable for the study of
this problem. The early cleavage nuclei are invariably double
throughout the entire resting stage, each consisting of two
separate though closely apposed nuclear vesicles, and the origin
of each vesicle from a single germ-nucleus has been clearly
traced. Indeed, my observations indicate that typically the
germ-nuclei maintain their individuality throughout cleavage,
though certain irregularities, real or apparent, occur with in-
creasing frequency in the later segmentation stages.

TECHNIQUE.

Most of the sections used in making the observations recorded
in the present paper were cut from eggs killed with bichromate-
acetic-formalin.  This mixture, made up in the right propor-
tions (Smith, 1912, [.), preserves the form of the egg perfectly
in all stages, enables it to be sectioned by the parafin method,
and gives very satisfactory histological and cytological results.
For comparison, sections were made of a few eggs killed in
Zenker’s fluid, also in corrosive-acetic-formalin. These mixtures,
particularly Zenker’s fluid, gave excellent results in the fertiliza-
tion and early cleavage stages, but in the blastula and gastrula
stages their use is not advisable since the roof of the blastoccele
or gastrocaele collapses during the process of infiltration with
parafhn. '

Most of the observations were made on sections of eggs stained
in toto with Grenacher's borax-carmine, differentiated in acid
alcohol, and counterstained on the slide with a mixture of Lyons
blue and picric acid. This treatment leaves the chromatin
stained red, the yolk granules green, the centrospheres and cyto-
plasmic structures blue. The method has the advantage of
rapidity of manipulation, an important consideration since a
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large number of shdes are required. TFor the main purposes of
this investigation the differentiation obtained by this method,
used with care, is entirely adequate, but as a precaution against
possible inaccuracy a parallel series was stained with Heidenhain’s
iron hezematoxylin, which as might be expected gave better
preparations, and is especially useful for the study of chromosomal
vesicles.

All the figures excepting those of Plate IX. were outlined by
means of a camera lucida and drawn with a magnification of
about 600 diameters; in the process of reproduction they were
reduced one third, and thus appear with a magnification of about
400 diameters. In all drawings of horizontal sections the orienta-
tion with reference to the plane of first cleavage is the same, and
conforms to the diagrams in Plate IX.

In most cases the double nature of the cleavage nuclei appears
to best advantage in horizontal sections, and might readily be
overlooked were observations confined to vertical sections. It
scems likely that most investigators studying the amphibian
egg have confined their observations to vertical sections, since
these give a better idea of the gross structure; and this circum-
stance leads us to suspect that conditions such as are here
described for Cryptobranchus may occur in other amphibians
and need only to be revealed by the study of horizontal sections.

OBSERVATIONS.

The early history of the fertilization stage of Cryptobranchus
allegheniensis has been given in a previous paper (Smith, 1912,
I.). The superficial cleavage pattern has been described in
another contribution (Smith, 1912, I1.).

At the time of the meeting of the germ-nuclei it is usually
impossible to tell with certainty which is the egg-nucleus and
which is the sperm-nucleus, but this circumstance does not
affect the validity of the results recorded in this paper. The
germ-nuclei do not fuse, but come to lie side by side with nuclear
membranes intact (Figs. 1—3). During the long resting stage
that precedes the formation of the first cleavage spindle, each
germ-nucleus maintains strict individuality: there is close asso-
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ciation, but no actual union, and certainly no mingling of struc-
tural contents. Hence, although it is convenient to employ such
terms as ‘‘union of the germ-nuclei,” and to speak of the ‘‘cleav-

tE} ’

age-nucleus as if it represented a
single entity, it should be understood that such expressions are
loosely used, and the word “fusion’ in this particular case is
altogether inapplicable. It is the purpose of this paper to show

that this unity or individuality of the respective germ-nuclei

or ‘‘segmentation-nucleus’

i1s not confined to the fertilization stage, but persists with great
regularity during early cleavage, and with some apparent irregu-
larities throughout the later cleavage and even into the gastrula
stage.

The length of time intervening between the meeting of the
germ-nuclei and the rupture of their nuclear membranes during
the formation of the first cleavage spindle must be considerable,
for resting germ-nuclei have been observed in eggs varying in
age from twelve to twenty-three hours after fertilization. The
precise time of formation of the first cleavage spindle has been
determined in only one egg, which was killed twenty-six hours
after artificial fertilization.

Since the germ-nuclei usually come to lie in the same hori-
zontal plane, the most fruitful observations arc obtained through
the study of horizontal sections. The two asters, formed by the
division of the single aster accompanying the sperm-nucleus
on its journey to meet the egg-nucleus, take up positions on
opposite sides of the resting germ-nuclei, in the same horizontal
plane, and close to the region of contact of the germ-nuclei
(Figs. 3 and 4). The initiation of the process of mitosis as
evidenced by the appearance of distinct chromosomes and the
rupture of the nuclear membranes does not take place in the
two germ-nuclei simultancously; one of the germ-nuclei becomes
active somewhat in advance of the other (Figs. 5 and 6), thus
furnishing evidence of some degree of physiological as well as
structural independence.

In the fully-formed mitotic figure the two groups of chromo-
somes, of maternal and paternal origin respectively, remain
visibly distinct (Fig. 7). This has been determined beyond a
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doubt in a number of cases, with no conflicting evidence. 1In the
anaphase each of the original chromosome groups has divided
equally (through the splitting of individual chromosomes), the
two halves going to different poles of the spindle. Each daughter-
nucleus thus receives two distinct groups of chromosomes, derived
from the egg-nucleus and the sperm-nucleus respectively. Al-
though in the anaphase and carly telophase (Fig. 8) the paired
groups of chromosomes are not always very sharply separated,
yet there is no mingling of maternal and paternal chromosomes.
Finally, in the newly-formed daughter-nucleus each parental
group of chromosomes becomes metamorphosed into a separate
nuclear vesicle (Figs. 9 and 10). Except for a diminution in size,
which is afterwards partially made good by growth, each
daughter-nucleus closely simulates the original cleavage-nucleus
with its two resting germ-nuclei.

The precise stage with newly-formed vesicular daughter-nuclei
has not been found in horizontal sections, hence all the figures of
this stage are taken from vertical sections (Figs. 9-12). During
the late phases of mitosis the two daughter-nuclef move some
distance apart; their path of separation is marked by a broad
trail of cytoplasm sharply defined from the surrounding yolk.
The division of the centrosphere or ‘“attraction sphere’ takes
place shortly before the daughter-nucleus assumes the vesicular
condition. The first cleavage furrow is not yet formed, but its
position, in a plane at right angles to the path of separation of
the two daughter-nuclei and midway between them, is visibly
indicated by a condensation of cytoplasm in the blastodisc.

Aside from the fact that the two nuclear vesicles of a newly-
formed daughter-nucleus are always situated approximately equi-
distant from the plane of first cleavage, the orientation of these
nuclear vesicles with reference to each other is decidedly variable.
Since the two original germ-nuclei at the time of meeting usually
lie in the same horizontal plane (Figs. 2—), we should expect the
same thing of the two vesicles of a daughter-nucleus; but in the
preparations studied these were more often found to lie in a plane
oblique to the horizontal, and sometimes one vesicle lies directly
above the other (Figs. 9 and 10). It should be remembered,
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however, that the original germ-nuclei do not always lie in the
same horizontal plane (Fig. 1). Moreover, the stage with
newly-formed daughter-nuclei was not represented in horizontal
sections, which are naturally most favorable for the discovery
of nuclei consisting of vesicles lying in the same horizontal
plane. There is no external landmark by means of which this
stage may be recognized, and it is passed through very rapidly;
in the making of horizontal sections the available material was
exhausted without finding the precise stage desired.

In the study of the subsequent behavior of the nuclei the early
cleavage furrows serve as convenient landmarks for orientation,
and it is necessary to keep in mind the elementary fact that the
second cleavage furrow forms at right angles to the first, and
that a similar alternation in the direction of successive cleavage
furrows is characteristic of the entire process of cleavage. Of
more immediate importance to us is the correlated fact that the
second nuclear division occurs in a direction at right angles to
the first nuclear division, and that this alternation in the direc-
tion of successive nuclear divisions is repeated throughout cleav-
age. To be sure, this is strictly true only in the carly cleavage
stages, for there is increasing irregularity in the direction of both
cleavage furrows and nuclear divisions throughout the later stages
of cleavage. Incidentally, it should be noted that nuclear di-
vision always precedes the formation of the corresponding
cleavage furrow.

In preparation for the second nuclear division, the two asters
of a single daughter-nucleus take up positions on opposite sides
of the nucleus, in the same horizontal plane and with a line
connecting them parallel to the first cleavage furrow which is
now usually in process of formation (Figs. 12—20; 23-26). In
case the two nuclear vesicles of a single daughter-nucleus are
not already ranged midway between the two asters, they rotate
to this position (compare Figs. 15-16 with Figs. 17—-18). Typi-
cally, the two nuclear vesicles come to lie in the same horizontal
plane (Figs. 17-20, 23—26); but this is not the invariable position,
for in three different eggs they were found to lie one above the
other, as exemplified in Figs. 21 and 22. In any case the final
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position assumed insures an equal division of maternal and
paternal chromatin-groups in the ensuing mitosis. Thus the
second cleavage mitosis (Figs. 27 and 28) is in all essential
respects a repetition of the first, though the direction of the
spindle is different. Throughout the entire segmentation period
there is nothing in the behavior of the nuclei more impressive
than the precision and regularity with which the two nuclear
vesicles of a single nucleus are ranged side by side in the plane
of the equatorial plate in preparation for the formation of the
spindle.

In the resting stage following the second mitosis the two nuclear
vesicles of each nucleus usually lie in the same horizontal plane
(Figs. 29, 30, 32); their entirc orientation indicates their deriva-
tion from the two groups of chromosomes at one pole of the
spindle in the anaphase and early telophase of the preceding
mitosis (Fig. 28). Occasionally, though not so often as in the
preceding resting stage, one nuclear vesicle is found situated
above the other (Fig. 31).

In Cryptobranchus the third cleavage furrows are vertical
and intersect the second furrows at some distance from the first
(Plate IX., Fig. 45, J). Thus the third cleavage furrows are
nearly parallel to the first, but diverge slightly from it.

In preparation for the third cleavage mitosis the two asters
take up positions on opposite sides of the nucleus, in such a
situation that a line connecting them is nearly parallel to the
plane of second cleavage (Figs. 33, 34; Plate IX., Fig. 45, H).
In all cases the two nuclear vesicles entering the mitotic figure are
ranged equidistant from the two asters (Figs. 33, 34, 35), and
in a slightly earlier stage may be found rotating to this position
(Fig. 32). Thus in the third cleavage mitosis (Fig. 36) the
segregation and equal division of maternal and paternal chromo-
some groups is maintained. The direction of the axis of the
spindle is at right angles to the preceding mitosis, and parallel to
the first (Plate INX., Fig. 45, I/ and /). Upon the completion
of mitosis the third cleavage furrows form as described in the
preceding paragraph. At this time the four nuclei on the same
side of the second cleavage furrow sometimes lie precisely in
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the same vertical plane, so that they are all visible in a single
section taken parallel to the second cleavage furrow.

The fourth cleavage furrows combine to form a circular, or
more often oval, figure with its longer axis coinciding with the
plane of second cleavage. This circular cleavage divides the
egg very unequally, cutting off eight micromeres from eight
comparatively large macromeres. Preparation for this cleavage
involves rotation of the two nuclear vesicles of a single daughter-
nucleus of the third cell division from their original position as
shown in Fig. 37 to the position shown in Fig. 38. , This latter
orientation insures the maintenance. of the segregation of the
germ-nuclei in the fourth mitosis (Figs. 39-42). As in the
previous divisions, the maternal and paternal chromosome
groups have here been traced through the various phases of
mitosis to the late anaphase and early telophase, where they
are still distinctly separate. The position of the vesicles of the
newly-formed daughter-nucleus (Figs. 43 and 44) indicates that
one is of maternal origin, the other paternal. The results as
regards the orientation of the nuclei up to this point are sum-
marized in the diagrams of Plate IX., Fig. 45.

In the later cleavage divisions there is increasing irregularity
in the direction of spindle axes and cleavage furrows, but this
does not constitute any serious obstacle to tracing the history of
the germ-nuclei since the really important point is the orientation
of the nuclear vesicles with respect to the axis of the spindle.
As already indicated, this is invariably such as to insure the
segregation and equal representation of maternal and paternal
chromosome groups in the daughter-nuclei. As the nuclei be-
come smaller, it sometimes is difficult to distinguish the two
groups of chromosomes in the late phases of mitosis, but com-
parison with slightly earlier and later phases leaves no doubt
as to the continuity of the respective germ-nuclei. Until an
advanced cleavage stage, the double structure of the resting
nuclei is almost always clearly demonstrable. As the nuclei
become more numerous, it becomes easier to find nuclei cut in
such a manner as to show distinctly the double structure. In
the more active regions of the egg, the synchronism of division
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of the different cells 1s maintained to the late blastula stage, so
that there is little likelihood of confusing cell-generations. Be-
tween micromeres and macromeres there is a fine gradation in
phases of the nuclear cycle, so that a close series may be readily
obtained. The individuality of the germ-nuclei has been traced
without a break to an advanced cleavage stage, and it would not
be difficult to illustrate this entire result with an adequate
series of figures, but such a procedure would require an enormous
amount of time and unduly extend the limits of this paper.

Beginning with about the seventh cell generation certain
irregularities, real or apparent, occur with increasing frequency
to mar the mechanical precision of the events thus far described
in the history of the germ-nuclei. In the resting stage the two
nuclear vesicles of a single nucleus are often deeply lobed, some-
times in such a manner as to give the impression that the nucleus
is made up of many vesicles. In the late telophases the nucleus
is often really made up of several or many separate though closely
aggregated vesicles, but this is undoubtedly a part of the usual
process of mitosis, as a more searching examination of these late
phases throughout cleavage will readily show.

The transformation of the daughter-nucleus into the vesicular
condition must take place with considerable rapidity, especially
in the early cleavage stages, for some phases of this process have
not been observed earlier than the fourth mitosis, and only
occasionally in the fourth and fifth mitoses. In more advanced
cleavage there is little difficulty in finding material representing
the entire history of the telophase.

In the early anaphase, the long thread-like chromosomes are
V-shaped, with the limbs of the V almost parallel and very
straight; the apex is directed away from the equatorial plate.
In a slightly later phase, which we may call the late anaphase, the
chromosomes are still roughly V-shaped but finely undulating
except at their free ends. A\ little later (early telophase) each
chromosome becomes much convoluted, often- coiled in a loose
irregular spiral; this change begins at the apex and proceeds
toward the free ends. The next step consists of the meta-
morphosis of each chromosome into a chromosomal vesicle, a
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process which I have been able to follow in considerable detail,
but will not attempt to describe here. About this time the
centrosphere or “attraction sphere” divides. :

During the anaphase and early telophase the maternal and
paternal chromosome groups are almost always clearly separated,
sometimes with a broad space between the two groups. The
segregation of the chromosomal vesicles into two groups, maternal
and paternal respectively, is usually cvident. In the late telo-
phase the chromosomal vesicles of each group unite to form
separate nuclear vesicles which for a time show indications of
their manner of origin through the persistence of lobes separated
by deep clefts. The inner boundaries of the chromosomal
vesicles persist for a time as partitions in the nuclear vesicles,
but finally disappear wholly or in part. In the late blastula the
vesicular nucleus in many cases retains a lobed structure through-
out the resting stage. It is possible that in some cases the fusion
of chromosomal vesicles to form vesicular nuclei of the usual
duplex type is never completed, for in the late blastula and
early gasﬁ‘ula nuclei consisting of three, four or even more well-
rounded vesicles are not uncommon.

How much longer and to what extent during the development
of the embryo a strict separation of the germ-nuclei is maintained
I have not attempted to determine, but it is not necessary to
conclude that it continues throughout the life of the organism,
either in the somatic or the germ cells. In the discussion it will
be shown that the individuality of the germ-nuclei is not in-
compatible with a mingling of maternal and paternal chromo-
somes, and there is no biological necessity for a strict separation
of the germ-nuclei in any stage from fertilization to synapsis.

DiscussioN.

In 1875 Oscar Hertwig and Hermann Fol showed that the
fertilized egg contains two nuclei, one belonging to the egg itself
and the other introduced by the spermatozoon. While the
earliest observers of the process of fertilization, notably Auerbach,
Strasburger and Hertwig, described the complete [usion of these
germ-nuclei to form the first embryonic nucleus, called by
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Hertwig the cleavage-nucleus or segmentation-nucleus, later
observations showed that such is not always the case. In 1881
Mark demonstrated that in the slug Limax the two germ-nuclei
do not fuse; after coming together they persist during the forma-
tion of the two cleavage centers, then their membranes gradually
disappear. Two years later Van Beneden showed that in Ascaris,
not only do the germ-nuclei become apposed without fusion, but
cach gives rise to an independent group of chromosomes which
contribute equally to the formation of the daughter-nuclei.
Thus the foundation of the doctrine of the biparental character
of the nuclei of sexually-produced organisms was laid down by
Van Beneden. In many animals, and in some plants (gymno-
sperms), the independence of the formation of the maternal and
the paternal chromosome groups following fertilization has been
established by direct observation, though the demonstration has
seldom been carried beyond the first cleavage stage. On the
other hand there are some animals, and many plants, in which
the germ-nuclei meet and fuse while in the resting condition, so
that in the chromatin of the resulting nuclecus maternal and
paternal contributions cannot be readily distinguished.

Hicker (1892 and 18935) and Riickert (1893) found that the
germ-nuclei of Cyclops do not fuse but preserve their individuality
throughout at least a considerable period of the cleavage of the
egg. In mitosis the two groups of chromosomes, of maternal
and paternal origin respectively, remain distinct and bilaterally
distributed, while each resultant daughter-nucleus in the resting
stage consists of two closely apposed but structurally separate
vesicles.

In 1901 Conklin described the double structure of the cleavage
nuclei of Crepidula in certain stages of the nuclear cycle, and
pointed out that the two halves which at times appear as distinct
entities are almost certainly to be regarded as of maternal and
paternal origin respectively. ‘‘This separateness is most easily
observed in the telophase of each division, though in some cleav-
age cells it may be seen in the prophase also, or even throughout
the resting period. At the time when the daughter-nuclei are
being formed the chromosomal vesicles fuse into two groups
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which are closely pressed together but still separated by a 'parti-
tion wall, as Riickert has shown to be the case in Cyclops.
Gradually this partition wall disappears, being preserved longest
on that side of the nucleus nearest the centrosome. Here a
groove is formed on one side of the nucleus which marks the line
of contact between the two halves. In some cleavage cells this
groove is visible throughout most of the resting period; in others
it disappears during the greater part of the resting period, though
it may reappear in the following prophase; in all cases, however,
the partition wall and groove reappear in the next succeeding
telophase, when it is again formed in the manner described above.
I have observed the double character of the nucleus in the
telophase of every cleavage up to the 29-cell stage, and in several
of the later cleavages up to the 6o-cell stage, though it becomes
more difficult to see as the nuclei grow smaller. . . . It still
remains to show that these double nuclei really represent the egg
and sperm nuclei which have not yet lost their individuality.
This cannot be demonstrated in Crepidula, for the reason that
this double character is not apparent at every stage in the nuclear
cycle, but it is extremely probable” (Conklin, 1901). Additional
observations recorded by Conklin in support of his interpretation
may be summarized as follows: (1) In the metaphase of the
first cleavage division the maternal and paternal germ-nuclei
are represented by separate groups of chromosomes; in the
early anaphase these groups of chromosomes can no longer be
distinguished, but the nuclei are clearly double in the immediately
following late anaphase and telophase, and the position of the
partition wall in these double nuclei corresponds to the plane of
contact between the germ-nuclei. (2) The groove which is found
on one side of the nucleus in the telophase of the first cleavage
mitosis persists well into the resting stage, and a corresponding
groove is found in the same position in the prophase of the second
mitosis. The central spindle for the second cleavage mitosis
lies in this groove, and thus the amphiaster actually lies in the
only plane in which it would be possible to halve the two parts
of the double nuclei. Although cleavage divisions successively
alternate in direction, unequal division of the double nuclei is
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prevented either by a rotation of the nucleus during the resting
stage, or by a rotation of the spindle in the early stage of mitosis.
(3) In certain abnormal cleavages the double nuclei are really two
entirely separate nuclei lying side by side within a single cell.
(1) In each of the germ-nuclei, before they come into contact,
there is a single nucleolus; these nucleoli disappear in the pro-
phase of the first cleavage, but in the succeeding telophase a
single nucleolus generally appears in each half of each daughter-
nucleus. The same is true of the succeeding cleavages, so that
each nucleus throughout the cleavage usually has two nucleoli
in the telophase or early resting stage.

Beard (1902) described a double structure of the resting stages
of the nuclei of the carly germ cells of Raja batis; these were not
traced earlier than a late gastrula stage, but influenced by the
findings of Hiicker and Riickert, Beard did not hesitate to inter-
pret the double nuclei as consisting of distinct maternal and
paternal halves.

Jenkinson (1904) gives some interesting figures of the fertiliza-
tion and first cleavage stages of Axolotl. The germ nuclei meet
without fusion, and the chromosomes appear separately in each
pronucleus while the nuclear membranes are still intact. In some
cases at least, these two chromosome groups remain distinct in
the equatorial plate after the dissolution of the nuclear mem-
branes. Scant attention is paid to these features in the text
of Jenkinson’s paper, which is concerned with other matters,
but the author states that he has found two distinct sets of
chromosomes in some preparations of the fertilization spindle
of Triton.

In 1904 Moenckhaus described the independence of the ma-
ternal and paternal chromosome groups in the early cleavage
spindles of the hybrids produced by fertilizing the eggs of Fundu-
lus with Menidia sperm. The difference in the size and shape of
the chromosomes of the two species makes the identification of
the maternal and paternal chromosomes in the case described a
matter of certainty.

Pinney (1918) found that two nucleoli are typically present
in the nuclei of normal Ctenolabrus blastoderms, and cited evi-
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dence supporting the view that in these double nucleoli observed
in fishes we are dealing with parental homologues.

Concerning Cryptobranchus allegheniensis, the writer believes
that the observations recorded in the present paper establish
beyond question the complete separation of maternal and pa-
ternal germ-nuclei to a late blastula stage at least. The separa-
tion is particularly marked during the resting stage of the nuclear
cycle, precisely where most investigators working with other
species have encountered the greatest difficulty.

The observations thus far cited indicate that in certain forms
the individuality of the germ-nuclei during early embryonic
development is maintained by complete separation of the nuclear
material derived from the egg and the spermatozodn respectively.
It has already been indicated that this segregation is not by any
means a universal phenomenon. Is it possible that the indi-
viduality of the germ-nuclei may be maintained, in all essential
respects, in those other cases where there is a mingling of chro-
matin derived from the two germ-nuclei? lLet us first examine
the facts that require explanation.

In all cases where the germ-nuclei fuse into a single vesicular
nucleus before the formation of the first cleavage spindle, mingling
of maternal and paternal chromosomes may be expected. Sax
(1918) has recently described two cases in flowering plants,
Fritillaria-and Triticum. In Fritillaria the germ-nuclei usually
unite while in the resting condition, although occasionally they
are in the spireme stage at the time of fusion. The presence
of a single spireme in the zygote could not be demonstrated. In
Triticum the sperm-nucleus is small and almost homogeneous in
structure even while in contact with the egg nucleus. The
sperm-nucleus enters the egg-nucleus and there forms a separate
compact spireme; at the same time the spireme of the egg-
nucleus is formed. In both Fritillaria and Triticum the maternal
and paternal chromosomes are formed independently, but they
are not found in separate groups.

Moenckhaus (1904) found that after the first few cleavage
divisions in his hybrid teleost eggs the chromosomes of maternal
and paternal origin mingled indiscriminately upon the equatorial
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plate, and the observations of Morris (1914) are in agreement.

Metz (1916) has found in the diptera a pairing of homologous
chromosomes, simulating synapsis, which occurs in all tissues,
somatic as well as germinal; this association of maternal with
paternal chromosomes was found in late cleavage and during
all later stages of embryonic development. From the following
statement by Overton (1909) we have a suggestion of a similar
occurrence in plants, though attention is directed more particu-
larly to the matter of genetic continuity of individual chromo-
somes: ‘‘In the somatic nuclei (of certain plants) the chromo-
somes are represented during rest by definite visible bodies, the
pro-chromosomes, which are arranged in parallel pairs, with
apparent linin intervals. These heterogeneous spirems, the
homologous portions of which have carly become associated in
pairs, probably remain distinct throughout the life-history of the
sporophyte.”

In spite of the mingling and even paired association of maternal
and paternal chromosomes, there are reasons for believing that
the two kinds of chromosomes maintain their independence
until gametogenesis. This leads us to a consideration of the
doctrine of the genetic continuity of individual chromosomes,
which goes further than the principle of duality of the embryonic
nuclei, but confirms it as a universal law.

The remarkable constancy in the number of chromosomes
throughout the cells of a given organism and species has long
been known, and affords important evidence for the view that
the chromosomes are persistent as individual structures. To
be sure, it sometimes happens in mitosis that one or more chromo-
somes belonging to one daughter-group, accidentally become
included with the other group so that one of the daughter-nuclei
has fewer, the other more, than the normal somatic number;
but such an occurrence is very exceptional, and in subsequent
divisions of these cells the number of chromosomes appearing is
not the normal, but the increased or diminished number (Boveri,
1890). \Whatever the number of chromosomes entering into the
formation of a resting nucleus, the same number afterwards
issues from it.
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In 1883 Van Beneden showed that in Ascaris the sperma-
tozobn brings in just as many chromosomes as are contained
in the egg. As a result of a careful study of mitosis in
epithelial cells of the salamander, Rabl (1885) concluded that
the chromosomes do not lose their individuality at the close of
division, but persist in the chromatic reticulum of the resting
nucleus. Boveri (1887 and 1888) supported Rabl's hypothesis
on the ground of his own studies and those of Van Beneden on
the early stages of Ascaris. Boveri demonstrated in Ascaris
that in the formation of the spireme the chromosomes reappear
in the same position as those which entered into the formation
of the reticulum, precisely as Rabl had maintained. As the
long chromosomes diverge, their free ends are always turned
toward the equator of the spindle, and upon the reconstruction
of the daughter-nuclei these ends give rise to corresponding lobes
of the nucleus, which persist throughout the resting stage. At
the succeeding division the chromosomes reappear exactly in
the same position, their ends lying in the nuclear lobes as before.
These observations were afterwards confirmed by Herla (1893),
and more recently Sutton (1902) has observed practically the
same thing in Brachystola magna. Boveri (1891) concluded that
the chromosomes must be regarded as individuals that have an
independent existence in the cell, and expressed his belief that
“we may identifv every chromatic element arising from a resting
nucleus with a definite element that entered into the formation
of that nucleus, from which the remarkable conclusion follows
that in all cells derived in the regular course of division from the
fertilized egg, one half of the chromosomes are of strictly paternal
origin, the other half of maternal.”

Herla (1893) and Zoja (1895) have shown that if in Ascaris
megalocephala the egg of variety bivalens, having two chromo-
somes, be fertilized with the spermatozoén of variety univalens,
having one chromosome, the three chromosomes reappear at each
cleavage, at least as far as the twelve-cell stage; and according
to Zoja, the paternal chromosome is distinguishable from the
two maternal at each step by its smaller size. ‘“\We have thus
what must be reckoned as more than a possibility, that every cell
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of the body of the child may receive from each parent not only
half of its chromatin substance, but one half of its chromosomes,
as distinct and individual descendants of those of its parents ”’
(Wilson, 1900).

Boveri (1909) found in Ascaris that in sister cells preparing for
division the configuration of the groups of chromosomes is the
same. The similarity of the sister cells is explicable on the view
that the chromosomes retain during the resting stage the same
shape and size and relative location that they had at the end
of the preceding division. TIn cells of these same embryos that
are not sister cells, a great variety of arrangements of the chromo-
somes is found, and no two arrangements arc so nearly alike as
are those found in sister cells.

Other evidence for the continuity of individual chromosomes
is derived from those cases where the reconstruction of the resting
nucleus takes place through the metamorphosis of each chromo-
some into a hollow vesicle, and the aggregation or fusion of these
chromosomal vesicles to form a single nucleus. Such, to be sure,
is not the only type of telophase (Wilson, 1900, p. 71), but it
takes place in many segmenting ova and in some spermatogonia.
According to Conklin (1902), in the late stages of mitosis of the
segmenting egg of Crepidula the chromosomes enlarge to form
vesicles and these unite into a resting nucleus; the nuclear
membrane is composed of the outer walls of the vesicles, while the
inner walls stretch through the nucleus as chromatic partitions;
the chromosomal vesicles from the egg and sperm nuclei respec-
tively remain distinct longer than those from the same germ
nucleus. Vesicular chromosomes have been described in fish
eggs by Moenckhaus; the individual vesicles fuse with their
neighbors and these larger ones with each other until at last the
entire nucleus is simply one great-vesicle, which is at first lobed,
but later is well rounded. Wenrich (1916) savs of Phrynofettix:
“The spermatogonial divisions showed that each chromosome
forms a sac or vesicle in the earlier telophases, and that it expands
and becomes diffused within these vesicles; that, although the
vesicles appeared to coalesce, there is always a remnant of each
chromosome visible in the center of the region occupied by the
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vesicle, and that in the prophase the chromatin concentrates
about this remnant or core and there forms a spirally coiled
thread, which develops into a prophase chromosome.” Richards
(1917) has shown that in the cleavage and gastrula stages of
Fundulus and Coregonus the chromosomes in the telophase of
mitosis enlarge to form vesicles which remain distinct though
compactly massed together during the resting stage. The new
chromosome arises within a vesicle, through the aggregation
of its granules; thus there is genetic continuity of individual
chromosomes. According to Richards, the polarity of the cell
is manifested in the arrangement of the elongated vesicles.
When the centrosome divides, the cell acquires a new axis at
right angles to the old, in a line connecting the two asters; the
chromosomes, when formed, orient themselves with respect to
the new axis. Pinney (1918) figures chromosomal vesicles in the
telophase of dividing blastomeres of Ctenolabris X Fundulus
hybrids. Some observations on chromosomal vesicles in Crypto-
branchus allegheniensis are included in the present paper. I have
examined a few sections of Coregonus blastoderms belonging to
the collection of the Michigan State Normal College and the
material appears to be exceptionally favorable for the study of
chromosomal vesicles.

Thus it has been proved that in the fertilized egg one half of
the chromosomes are derived from the father and one half
from the mother, and that at every division of the egg the chromo-
somes also divide in such a manner that their progeny are dis-
tributed in equal number to all the cells of the egg. Further,
there is genetic continuity between each individual chromosome
that enters the resting stage and a corresponding chromosome
that emerges in preparation for the next division. The con-
clusion is thus reached that the fertilized egg, and all the cells
derived from it, contain a double set of chromosomes, paternal
and maternal. This conclusion implies that at every step the
respective chromosome groups preserve their independence, how-
ever much they are mingled with one another.

This conclusion is further strengthened by observations of
individual differences, both morphological and physiological,
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between the chromosomes of a given simplex group, and by the
behavior of the chromosomes in synapsis. The chromosomes
of a single group, maternal or paternal, are not precisely alike,
but differ among themselves in size, form and genetic potency
(Montgomery, 1901; Sutton, 1902 and 1903; Morgan, 1915). In
certain species the size differences are very marked, so that the
chromosomes of a single germ-nucleus may be arranged in a
graded series; these size differences are constant from one cell-
generation to the next, so that individual chromosomes may be
identified in successive cell-divisions. In other species where
the visible differences are not so marked we have evidence that
physiological differences exist, for Boveri (1907) has shown the
strong probability that normal development of the egg is pos-
sible only in the presence of at least a single set of qualitatively
different chromosomes. Thus the concept of the individuality
of the chromosomes has been extended to include not merely the
genctic continuity of each particular chromosome, but also its
idiosyncrasy or specificity.

In any biparental organism, the duplex chromosome group is
composed of two equivalent parental series or simplex groups,
in which each individual chromosome is homologous with a very
similar chromosome belonging to the other series; in other words,
the chromosomes are present in biparental pairs (Montgomery,
1901; Sutton, 1902 and 1903; Wilson, 1912). ‘“In the process
known as synapsis, which takes place shortly before the last two
cell-divisions concerned in the formation of the germ cells, the
chromosomes do in fact unite in pairs, two by two. There is
reason to believe that the two members of each pair are respec-
tively of maternal and paternal derivation; and the probability
of this view, first stated by Montgomery, has steadily increased.”
(Wilson, 1913). In one of these two final divisions of the germ
cell cycle the double chromosome groups are reduced to single
ones in preparation for the subsequent process of fertilization;
this reduction is accomplished through the failure of the indi-
vidual chromosomes to split in the process of mitosis. In this
reducing division the two members of a synaptic pair are sepa-
rated to pass into different daughter cells, but not necessarily
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in such a manner that each daughter cell receives exclusively
maternal or exclusively paternal chromosomes. The distribution
of each pair of homologous chromosomes is entirely independent
of that of every other pair, so that in the daughter cells com-
binations of non-homologous chromosomes occur regardless of
their parental origin; each daughter cell usually receives a mix-
ture of maternal and paternal chromosomes in varying propor-
tions. Within the limits of the reduced number, any combina-
tion of the chromosomes furnished by the immature germ cell
is possible in a daughter cell resulting from the reducing division,
save that a single daughter cell cannot receive both members of
a synaptic pair. Synapsis is thus explained by the provision
which it makes that two homologous chromosomes shall in no
case enter the nucleus of a single spermatozoon or mature egg
(Sutton, 1902). The principle of random distribution or inde-
pendent assortment of non-homologous chromosomes has been
confirmed by the direct observations of Carothers (1913 and
1917), Wenrich (1915 and 1916) and others. The point that
immediately concerns us here is the fact that in the reducing
division the individuality of the germ-nuclei is usually lost, for
it seldom happens that a single daughter cell, and consequently
a single mature gamete, receives exclusively maternal or exclu-
sively paternal chromosomes.

“Synapsis is not a haphazard junction of chromosomes, but
an orderly union of elements of maternal and paternal origin,
similar in size, in details of form, and probably also in function”
(Kellicott, 1913, p. 294). The orderly processes of heredity as
they exist today in biparental organisms would be impossible
were the integrity of the maternal and paternal chromosome
groups not maintained up to the time of synapsis. In Crypto-
branchus allegheniensis and in some other forms this integrity
is manifested at every step by a complete segregation of maternal
and paternal chromosome groups; in other forms the inde-
pendence of the chromosome groups is maintained in spite of
the mingling of maternal and paternal chromosomes. The per-
sistent individuality of the chromosomes is the important thing,
and so long as this is maintained the germ-nuclei exist as actual
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entities whether visibly separated or not. The distinction be-
tween the two classes of germ-nuclei—those that fuse at the
time of fertilization and those that do not—is more apparent
than real. The expression “individuality of the germ-nuclei”
seems justified in either case, for individuality implies separable-
ness as well as separateness (Conklin, 1916); but some may
prefer to use the term ‘‘autonomy,” which places the emphasis
upon independence. Since attention has become focused upon
the chromosomes, the expression ‘“‘autonomy of the maternal
and paternal chromosome groups’’ has often been used to indicate
the duality of nuclear structure.

Where it exists, the separation of maternal and paternal chro-
matin-complexes into distinct groups within a single nucleus
affords a striking exemplification of the deeper and more uni-
versal truth that each germ-nucleus is represented in its entirety
in every cell, somatic as well as germinal, of a developing organ-
ism. In Cryptobranchus allegheniensis this dual structure of the
nucleus is clearly visible in every cell of the early segmentation
stages at least, so that here we have material for an ocular
demonstration of a principle long ago foreseen by Huxley (1878),
who wrote: ‘It is conceivable, and indeed probable, that every
part of the adult contains molecules derived from both the male
and the female parent: and that, regarded as a mass of molecules,
the entire organism may be compared to a web of which the
warp is derived from the female and the woof from the male.”

SUMMARY.

In the fertilization of the egg of Cryptobranchus allegheniensis
the germ-nuclei do not fuse, and in the first cleavage mitosis each
gives rise to a separate group of chromosomes whose descendants
pass separately to the daughter-nucler.

During the ensuing resting stage each germ-nucleus is repre-
sented by a structurally distinct vesicle. The separateness of
the germ-nuclei is thus maintained throughout the entire nuclear
cycle.

Throughout early cleavage the nuclear divisions are of the
same duplex type, and the resting nuclei are always distinctly
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double. The genetic continuity of each half of the double
nucleus has been clearly traced to an advanced cleavage stage.

During late cleavage and in the early gastrula the nuclei are
still typically double, but certain irregularities which tend to
disguise the double structure occur with increasing frequency
and the segregation of maternal and paternal chromatin cannot
always be demonstrated.

The hypothesis of individuality of the germ-nuclei as applied
to those species in which there is a mingling of maternal and
paternal chromosomes is discussed, and supported by considera-
tions regarding the persistent individuality of the chromosomes.
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EXPLANATION OF PLATE I.

Cryptobranchus allegheniensis.

F1G. 1. Portion of a meridional section of a fertilized egg, showing the meeting
of the sperm-nucleus and the egg-nucleus. Each germ-nucleus extends through
four sections, of which an inner one is shown in the figure. The section passes
midway between the two asters, which lie on opposite sides of the nuclei in a line
at right angles to the plane of the section. The egg was fixed with bichromate-
acetic formalin and stained with borax-carmine Lyons-blue picric-acid. X 4o0.

FiG. 2. Meridional section of an egg killed twenty-two and one half hours
after fertilization, showing the resting germ-nuclei. Each germ-nucleus extends
through five sections, of which the middle one is here shown. The section passes
midway between the two asters, which lie close to the apposed surfaces of the two
nuclei in a line oblique to the plane of the section. Fixed with bichromate-acetic-
formalin; stained with borax-carmine Lyons-blue picric-acid. X 4o00.

Fic. 3. Horizontal section through the resting germ-nuclei of an egg killed
twenty-one and one half hours after fertilization. Nearly half of each nucleus is
left in an adjacent section. Two asters are shown in the figure. Fixed with
bichromate-acetic-formalin; stained with borax-carmine Lyons-blue picric-acid.
X 400.

Fi1G. 4. Horizontal section through the resting germ-nuclei of an egg killed
twenty-two and three fourths hours after fertilization. FEach germ-nucleus extends
through three sections, of which the middle one is here shown. Two asters are
shown in the figure. Bichromate-acetic-formalin fixation; stained with borax-
carmine Lyons-blue picric-acid. X g00.
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EXPLANATION OF PLATE II

Cryptobranchus allegheniensis.

FiG. 5. Horizontal section of a fertilized egg showing the germ-nuclei preparing
for the first cleavage mitosis. The germ-nucleus shown at the right is in a slightly
more advanced phase than the other. A portion of cach nucleus is left in an
adjacent scction. Bichromate-acetic-formalin fixation; stained with borax-car-
mine Lyons-blue picric-acid. X 400.

Fic. 6. Horizontal section of an egg killed twenty-two and one half hours
after fertilization, showing the germ-nuclei preparing for the first cleavage mitosis.
The germ-nucleus shown at the right is in a more advanced phase than the other.
About half of each nucleus is left in an adjacent section. Bichromate-acetic-
formalin fixation; stained with borax-carmine Lyons-blue picric-acid. X joo0.

Fi1G. 7. Horizontal section through the first cleavage spindle (late prophase).
The chromosomes are segregated into two groups, of maternal and paternal origin
respectively. A very small portion of each group of chromosomes is left in cach
of the adjacent sections. Bichromate-acetic-formalin fixation; stained with iron-
hematoxylin. X jo0.

FiG. 8. Horizontal section of an egg killed twenty-six hours after fertilization,
showing a late stage (early telophase) of the first nuclear division. In the distribu-
tion of chromatin to the daughter-nuclei, the segregation of maternal and paternal
chromatin is maintained. A very small portion of the chromatin of each daughter-
nucleus is left in an adjacent section. Bichromate-acetic-formalin fixation; stained
with borax-carmine Lyons-blue picric acid. X goo0.
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ExpLANATION OF PLATE TII.

Cryptobranchus allegheniensis.

FiGs. 9 AND 10. Two successive vertical sections through a single daughter-
nucleus of the first cleavage mitosis. The sections are nearly meridional, and pass
very close to thie other daughter-nucleus, hence at right angles to the plane of the
first cleavage furrow which is not yvet formed. The nucleus shown is almost entirely
confined to the two sections. Bichromate-acetic-formalin fixation; stained with
borax-carmine Lyons-blue picric acid. X go0.

Fi1G. 11.  Vertical section through a single daughter-nucleus of the first cleavage
mitosis. The section is ncarly meridional, and passes very close to the other
daughter-nucleus, hence at right angles to the plane of the first cleavage furrow
which is not yet formed. A considerable part of cach nuclear vesicle is left in an
adjacent section, and comparison with these other portions shows that the plane
of contact of the two nuclear vesicles is oblique to the plane of the section. Bichro-
mate-acetic-formalin fixation;. stained with borax-carmine Lyons-blue picric-acid.
X 400.

FiG. 12.  Vertical section showing a single daughter-nucleus of the first cleavage
mitosis, taken at right angles to the plane of the first cleavage furrow which is not
yvet formed. The entire double nucleus is confined to this section. Bichromate-
acetic-formalin fixation; stained with borax-carmine Lyons-blue picric-acid.
X 400,

Fi1c. 13. Vertical section, parallel to the newly-formed first cleavage furrow,
through a single daughter-nucleus of the first cleavage division. Part of the
nucleus is left in an adjacent section, where it is likewise distinctly double. Bichro-
mate-acetic-formalin fixation; stained with borax-carmine Lyons-blue picric-acid.
X 400.

Fic. 14. Vertical section, parallel to the first cleavage turrow, through the
other daughter-nucleus of the egg used for Fig. 13. Part of the nucleus is left in
an adjacent section, where the two nuclear vesicles arec more closely united. Bichro-
mate-acetic-formalin fixation; stained with borax-carmine Lyons-blue picric-acid.
X 400.
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EXPLANATION OF PrLaTeE IV.

Cryptobranchus allegheniensis.

Fics. 15 AND 16. Two successive horizontal sections showing a single nucleus
rotating into position for the second cleavage mitosis; almost the entire nucleus is
confined to these two sections. The newly-formed first cleavage furrow extends
in a direction parallel to a line connecting the two asters. Fixed in bichromate-
acetic-formalin; stained with iron-lieematoxylin. X go00.

FiG. 17. Horizontal section through a single nucleus in position for the second
cleavage mitosis; the greater part of the nucleus lies in this section. The newly-
formed first cleavage furrow extends in a direction parallel to a line connecting the
two asters. Fixed in Zenker's fluid; stained with iron-hematoxylin. X 400.

FiG. 18. Horizontal section through the other nucleus of the egg containing
the nucleus shown in Fig. 17. Orientation as in the preceding figure. Stained
with iron-h@ematoxylin, X 4o00.

Fi1G. 10. Horizontal section showing a single nucleus in position for the second
cleavage mitosis; the entire nucleus lies in this section. The newly-formed first
cleavage furrow extends in a direction parallel to a line connecting the two asters,
Bichromate-acetic-formalin fixation; stained with borax-carmine Lyons-blue picric-
acid. X goo0.

FiG. 20. Horizontal section through the other nucleus of the egg used for Fig.
19. A small part of one nuclear vesicle, and the greater part of the other, lies in an
adjacent section. Orientation as in the preceding figure. Stained with borax-
carmine Lyons-blue picric-acid. X joo.
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EXPLANATION OF PLATE V.

Cryptobranchus allegheniensis.

F1Gs. 21 AND 22. Two successive meridional sections through a single nucleus
preparing for the second cleavage mitosis. The sections extend at right angles
to the first cleavage furrow, and close to the other cleavage-nucleus. A consider-
able part of the nucleus here shown is left in an adjacent section where it is not so
clearly separated into two nuclear vesicles. Fixed in bichromate-acetic-formalin;
stained with borax-carmine Lyons-blue picric-acid. X 400.

Fi1G. 23. Horizontal section through a single nucleus preparing for the second
cleavage mitosis; the nucleus is almost entirely confined to this section. The first
cleavage furrow extends in a direction nearly parallel to a line connecting the two
asters. Bichromate-acetic-formalin fixation; stained with borax-carmine Lyons-
bluc picric-acid. X goo0.

Fics. 24, 25 axDp 26. Three successive horizontal sections through a single
nucleus entering upon the second cleavage mitosis; all but a very small portion of
the nucleus is included in these sections. The first cleavage furrow extends in a
direction nearly parallel to a line connecting the two asters. Bichromate-acetic-
formalin fixation; stained with borax-carmine Lyons-blue picric-acid. X 400.
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EXPLANATION OF PLATE VI.

Cryplobranchus allgeheniensis.

Fi1G. 27. Horizontal section through a nucleus in a late prophase of the second
cleavage mitosis. A small portion of each group of chromosomes is left in each
of the adjacent sections. The axis of the spindle lies in a direction nearly parallel
to the plane -of first cleavage. Fixed with bichromate-acetic-formalin; stained
with borax-carmine Lyons-blue picric-acid. X go00.

F1G. 28. Horizontal section through one of the daughter-nuclei in a late stage
(early telophase) of a second cleavage mitosis. Orientation as in the preceding
figure; the second cleavage furrow is not yet formed. Fixed in Zenker's fluid;
stained with iron-h@matoxylin. X joo0.

F1c. 20. Horizontal section through one of the daughter-nuclei of a second
cleavage mitosis; early resting stage. Part of the nucleus is left in an adjacent
section where it is likewise distinctly double. The plane of apposition of the two
nuclear vesicles is parallel to the first cleavage furrow, and at right angles to the
second cleavage furrow which is beginning to form. Bichromate-acetic-formalin
fixation; stained with iron-ha@matoxylin. X 4oo0.

F1G. 30. Horizontal section through one of the daughter-nuclei of a second
cleavage mitosis; resting stage. A portion of the nucleus is left in each of the
adjacent sections where it is likewise distinctly double. The plane of apposition
of the two nuclear vesicles is parallel to the plane of first cleavage, and at right
angles to the beginning second cleavage furrow. Bichromate-acetic-formalin
fixation; stained with borax-carmine Lyons-blue picric-acid. X 4o00.

FiG. 31.  Vertical section through one of the daughter-nuclei of a second cleavage
mitosis; resting stage. The section is taken parallel to the plane of the second
cleavage furrow which has just begun to form. Part of the nucleus is left in an
adjacent section, where it is likewise distinctly double. Bichromate-acetic-formalin
fixation; stained with borax-carmine Lyons-blue picric-acid. X 400.

FiG. 32. Horizontal section through a nucleus rotating into position for the
third cleavage mitosis; almost the entire nucleus is confined to this section. The
second cleavage furrows are present and extend nearly to the equator of the egg.
Bichromate-acetic-formalin fixation; stained with borax-carmine Lyons-blue picric-
acid. X goo0.
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EXPLANATION OF PLATE VIIL

Cryptobranchus allegheniensis.

Fi1G6. 33. Horizontal section through a resting nucleus in position for the third
cleavage mitosis. The plane of apposition of the two nuclear vesicles is nearly
parallel to the second cleavage furrows. A considerable part of the nucleus is
left in an adjacent section, where it is likewise distinctly double. Fixed with
bichromate-acetic-formalin; stained with borax-carmine I.yons-blue picric-acid.
X 400.

FiG. 34. Horizontal section through a nucleus in position for the third cleavage
mitosis. A line connecting the two asters is nearly parallel to the second cleavage
furrow. Part of the nucleus is left in an adjacent section, where it is likewise
distinetly double. Fixed with bichromate-acetic-formalin; stained with borax-
carmine Lyons-blue picric-acid. X goo.

F16. 35. Vertical section through a nucleus entering upon the third eleavage
mitosis. Part of the nucleus is left in each of the adjacent sections, where it is
likewise distinctly double. Fixed with bichromate-acetic-formalin; stained with
borax-carmine Lyons-blue picric-acid. X joo.

F1G. 36. Horizontal section through a nucleus in the late prophase of the third
cleavage mitosis. A line connecting the two asters extends nearly at right angles
to the first cleavage furrow. Fixed with biehromate-acetic-formalin; stained with
borax-carmine Lyons-blue picric-acid. X joo0.

F1G. 37. Horizontal section through a daughter-nucleus of a third cleavage
mitosis. The two nuclear vesieles remain almost in the position in which they
were formed, but two asters are present and these have taken up a position prepara-
tory to the fourth eleavage mitosis. A line connecting the two asters extends in a
direction almost parallel to the adjacent newly-formed third cleavage furrow
whieh is vertical and intersects a second furrow almost at right angles. Fixed in
bichromate-acetic-formalin; stained with borax-carmine Lyons-blue pieric-acid.
X 400.

F1G. 38. Horizontal section through a nueleus in position for the fourth cleavage
mitosis. A line conneeting the two asters extends parallel to the adjacent third
cleavage furrow and almost parallel to the first furrow. Fixed in bichromate-
acetic-formalin; stained with borax-carmine Lyons-blue picric-acid. X 400.
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ExprrLaNATION OF PLATE VIIIL

Cryptobranchus allegheniensis.

F1Gs. 30 AND 40.  Two successive vertical sections through a nucleus preparing
for the fourth cleavage mitosis; almost the entire nucleus lies in these two sections.
Bichromate-acetic-formalin fixation; stained with borax-carmine Lyons-blue picric-
acid. X jo0.

F1G. 41.  Another nucleus found in the section used for Fig. 39; early prophase
of the fourth cleavage mitosis. X 4o00.

F1G. 42. \Vertical section through a nucleus in the metaphase of the fourth
cleavage mitosis. The fourth cleavage furrow has not yet been formed. Bichro-
mate-acetic-formalin fixation; stained with iron-h@matoxylin. X 400.

F16s. 43 AND 44. Two successive horizontal sections through a newly-formed
daughter-nucleus of a fourth cleavage mitosis. The fourth cleavage furrow is
newly formed. Bichromate-acetic-formalin fixation; stained with borax-carmine
Lyons-blue picric-acid. X jo0.
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EXPLANATION OF PLATE IX.

Cryptobranchus allegheniensis.

FiG. 45. Diagrams illustrating the orientation of the germ-nuclei during the
first four cleavage divisions. All the diagrams represent horizontal sections, and
the germ-nuclei are assumed to lie always in the same horizontal plane. The size
of the nucleus is exaggerated in proportion to the size of the egg. Dotted lines
represent beginning cleavage furrows; solid straight lines represent cleavage fur-
rows which have cut to the level of the nuclei. The number of chromosomes
formed from each germ-nucleus is assumed to be six, and this is probably the correct
number.

A. Germ-nuclei and asters in position for the first cleavage mitosis.

B. First cleavage mitosis.

C. Newly-formed daughter-nuclei of the first cleavage mitosis.

D. Nuclear vesicles and asters in position for the second cleavage mitoses.

E. Second cleavage mitoses.

F. Newly-formed daughter-nuclei of the second cleavage mitoses.

G. Nuclear vesicles and asters in position for the third cleavage mitoses.

H. Third cleavage mitoses.

I. Newly-formed daughter-nuclei of the third cleavage mitoses.

J. Nuclear vesicles and asters in position for the fourth cleavage mitoses.

K. Fourth cleavage mitoses.

L. Newly-formed daughter-nuclei of the fourth cleavage mitoses.
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THE NATURE OF THE FERTILIZATION MEMBRANE
OF ASTERIAS AND ARBACIA EGGS!

WALTER E. GARREY.

It is generally believed that the fertilization membrane of an
echinoderm egg is a distinct structure formed by the egg, and
separated from it by the liquid filled perivitelline space. Views
quite at variance with this current one have been advanced in
recent communications; these we believe are not justified by
the experimental evidence which is to be considered below.

[. Elder,* Kite* and McClendon* have separately maintained
that the egg jelly is essential to the formation of the fertilization
membrane and in one way or another enters into its composition.
Harvey?® has made this question one of special study and presents
convincing experimental evidence to show that the egg jelly is
not essential. He was able by repeated shaking and continued
washing with sea water, to remove this jelly so completely
that not a trace could be detected when the eggs were examined
in India ink suspensions. Fertilizations of such eggs caused the
formation of fertilization membranes, which however may be
more tenuous than normally, probably due to the fact that the
jelly facilitates the membrane formation by acting as a mechan-
ical block to the diffusion of the membrane forming colloid
(““membranogen”’) which was thus retained in more concentrated
solution and consequently formed a denser membrane.

J. Loeb® found that hydrochloric acid would dissolve the jelly

1 From the Physiological Laboratory of Tulane University, New Orleans, and
the Marine Biological Laboratory, Woods Hole.

2 Elder, Arch. f. Entwick., 1013, XXXV., 195.

3 Kite, G. L., Science, 1912, N.S., XXXVI., 562.

1 McClendon, J. F., Internat. Zeitschr. f. physik. chem. Biol., 1914, 1., 163.

5 Harvey, E. N., BroL. BULL., 1914, XXVII., 237.

6 Loeb, J., Science, 1914, N.S., XL., 318.
' 287
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from the eggs of Strongylocentrotus purpuratus and that after
subsequent treatment with sodium hydroxide and calcium
chloride, starfish sperm caused the formation of fertilization
membranes and induced development. F. R. Lillie! found that
Arbacia ‘‘eggs are fertilizable” after complete removal of the
jelly by Loeb’s method. Loeb and Kupelwieser? caused the
formation of fertilization membranes by treating eggs with buty-
ric acid; these were freed from every vestige of membrane and
jelly was removed by shaking, yet upon insemination they were
able to form new fertilization membranes. Noore® noted that
egg fragments, produced by shaking, formed membranes upon
entrance of the spermatozotn. These observations indicate that
the egg jelly is not essential for the formation of the fertilization
membrane. '

II. The facts considered in the preceding section make us
doubt the wvalidity of the hypothesis advanced by McClendon
that the fertilization membrane is formed by the process of
precipitation due to the contact of two colloids carrying opposite
electric charges; viz., the egg jelly which McClendon states is
electro-negative and another colloid (membranogen) derived from
the egg which he found to be electropositive. This view is
rendered quite untenable when we consider the fact that fertiliza-
tion membranes are formed about echinoderm eggs by Loeb’s
well-known methods of inducing artificial parthenogenesis by
treatment with weak fatty acids. These acids act only after
penetrating the egg-jelly in the course of which event they impart
to that colloid the positive electric charge of the dominant
hydrogen ion; they therefore have the same charge as the
colloids of the egg and the requisite conditions for precipitation
of colloids do not exist.

I't has furthermore been shown that in the chemical fertiliza-
tion of «lsterias eggs either acids or alkalies may be used to induce
membrane formation. The electric charge of the jelly is positive
when acids are used and negative with alkalis; obviously the
charge is not of opposite sign to that of the egg substance
(membranogen) in both cases.

! Lillie, F. R., Bror. BuLL,, 1915, XXVIII., 21.
2 Kupfelweiser, H., Arch. f. Entw., 1909, XXVII., 434.
3 Moore, A. R., Univ. California Pub., 1912, IV, 89.



FERTILIZATION MEMBRANE OF ASTERIAS AND ARBACIA EGGS. 289

Upon treatment- with acids the egg jelly swells perceptibly
and also removes the acid from solution either by adsorbing it
or by chemically uniting with it. In either event the jelly
becomes electropositive. The fixation of the acid is shown in
the following experiments.

Ripe eggs from Asterias ovaries are shed in sea water and
allowed to settle to the bottom of a graduated cylinder. The
supernatant liquid is decanted and enough fresh sea water added
to the mass of eggs to equal three times their volume. The
cylinder is actively shaken and the eggs again are allowed to
settle. The clear supernatant fluid containing a considerable
amount of the jelly is now decanted off and an equal volume
of N/500 butyric acid added. Fresh Asterias egg do not form
fertilization membranes in this acid-jelly mixture but do so in
a control solution of N/1,000 butyric acid in sea water. On the
other hand fertilization membranes are formed at once in the
acid-jelly mixture after the further addition of an equal volume
of N/500 butyric acid sea water, thus indicating clearly that the
initial effect of the jelly is to remove the acid from solution and
that membrane formation is induced only when acid is present
in excess of the amount necessary to saturate the jelly. Neglect
in the observance of this precaution doubtless has been the cause
of many failures to obtain good artificial fertilization by this
method in case large masses of eggs have been added to small
amounts of acid sea water. Loeb! cautioned against such a loose
procedure. Under such conditions the relatively large amount
of adherent jelly fixes the acid and prevents it from acting on
the eggs.

ITI. The formation of fertilization membranes after the com-
plete removal of the jelly indicates the origin of this structure
from the egg. The following experiment furnishes a simple but
equally conclusive mechanical demonstration of this fact. Fer-
tilization of the eggs of Asterias either by sperm or by artificial
means such as acid or heat (30-33° C.) is possible not only after
maturation but also earlier, when the nuclear membrane about
the germinal vesicle just begins to fade (De Lage?); in fact I have

1 Loeb, J., “Artificial Parthenogenesis” (Chicago), 1913, 69.
. 2 Delage, Y., Arch. de zo0l. expér. et gen., ser. 3, IX., 285.
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often observed that fertilization is possible even before the
nuclear membrane begins to fade. After both polar bodies were
formed I found that fertilization by any means caused the forma-
tion of the membrane between them and the egg surface, from
which thev were lifted and pushed away as the membrane moved
outward, They are seen to lie in the saucer-like depression in
the outer surface of the membrane, which results from the
resistance offered by the egg-jelly to the pressure developed in the
perivitelline space. After staining with dilute methylene blue,
examination removes all doubt that the polar bodies are entirely
outside the membrane.

By so timing the fertilization that only the first polar body has
been formed, it will be pushed away from the egg outside the
fertilization membrane while the second polar body, being formed
much later, remains at the surface of the egg, and therefore inside
the perivitelline space. Similarly by fertilizing before matura-
tion the fertilization membrane will have been formed and will
have left the surface of the egg before the polar bodies are ex-
truded. These remain at the surface of the egg and therefore
within the perivitelline space. By manipulation they may be
shaken free from the surface of the egg and moved about freely.

IV. Kite! has stated that the “so-called fertilization membrane
of the egg of Arbacia consists of three parts, viz., the inner layer
of the egg jelly which has undergone a change in refraction index,
the swollen vitelline membrane, and the thin highly refractive
surface layer of the cytoplasm. This hyaline layer is still very
adherent to the vitelline membrane.” Kite thus conceives the
vitelline membrane to remain attached to the egg, to become
swollen and edematous and to fill completely the entire space
between the egg and the jelly which in turn is altered in refrac-
tive power to appear like a separate membrane. That the egg
jelly is non-essential has been shown. The other features of
Kite’s conception can likewise be demonstrated to be erroneous
both for Arbacia and Asterias. In these forms what appears to
be the fertilization membrane is far more than the outer refractive
part of an invisible thick layer of “gel” formed by a swelling of
the vitelline membrane. It is a true, thin membrane formed

1 Kite, G. L., Science, 1912, N.S., XXXVI., 562.



FERTILIZATION MEMBRANE OF ASTERIAS AND ARBACIA EGGS. 291

by the egg and separated from its surface by a liquid filled space
as is indicated by the following considerations:

1. This new structure has entirely different permeability from
that of the surfaces of either the fertilized or unfertilized eggs
which are very slightly permeable to neutral salts, so that the
eggs are plasmolyzed and crenated by hypertonic saline solutions.
Salts however must penetrate the fertilization membrane freely
to effect this change in the egg and that they do so is further
shown Dby the fact that the fertilization membrane retains its
round contour and distended condition when placed in the hyper-
tonic or hypo-tonic salt solutions. The differences in permea-
bility thus far demonstrated speak against the origin of the
membrane from a pre-existing structure on the surface of the egg.

2. Kite’s description is proven incorrect by the demonstration
of the fact that the fertilization membrane is separated from the
surface of the egg by a space filled with liquid and not occupied
by a swollen gelatinous vitelline membrane continuous with the
surface of the egg on the inside and with the egg jelly on the
outside. Dr. Robt. Chambers by removing this liquid from this
space for me by the use of his micro-pipette has produced a
collapse of the membrane. Allusion has already been made to
the fact that polar bodies extruded after the formation of the
fertilization membrane may be separated from the egg surface
by manipulation and are then free to assume various positions
in the space; this could be possible only in liquid but certainly
not if the space was occupied by any sort of a “gel.”

Professor J. Loeb has shown that the fertilization membrane
of echinoderms is mmpermeable to such colloids as egg white,
shark’s serum, and even tannic acid. These materials, if added
to sea water, cause the thin membrane to crumple onto the
surface of the enclosed egg by the osmotic extraction of water
from the intervening space; but the membrane regains its original
contour when replaced in sea water. This latter fact suggested
to Loeb the probability that the space contains some colloid in
solution secreted by the egg at the time the fertilization mem-
brane is formed. To this colloid the membrane is impermeable;
it therefore exerts its osmotic pressure in excess of that due to
the salts of the sea water, serves to raise the membrane from the
surface of the egg and to keep it distended.
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Experiments by the writer have shown that when fertilized
eggs of Asterias or Arbacia are placed in a two per cent. solution
of Witte's peptone in sea water the fertilization membrane
crumples instantly as in Loeb’s experiments, but that when
allowed to remain in the solution the membranes are again
distended, indicating that they are slowly permeated by the
albumoses in this preparation. Such results can only be ob-
tained where a semi-permeaple membrane, one permeable to
salts but impermeable to colloids, encloses a space containing a
colloidal solution.

4. Still other facts show that the space between the fertiliza-
tion membrane and the egg surface is filled with a fluid and not
with a gel. If Asterias eggs are heated to 33° C. they form
fertilization membranes in from three to five minutes. By
further warming for fifteen minutes they show slow amaboid
movements after they have been returned to sea water at 20° C.
They may migrate about in the space enclosed by the thin
fertilization membrane and up close to that structure at any
point. They may throw out long streamer like pseudopodia
which mect with no check to their progress anywhere in the
space till they reach the thin confining fertilization membrane.
This over-heating process may lead to droplet formation and
ultimately to partial or complete disintegration of the egg;
the débris thus formed is scattered throughout the space and is
never held away from the thin fertilization membrane by any
gelatinous structure. Similarly if the fertilized eggs of Asterias
are subjected to the action of diluted sea water they may be
caused to swell until each presses tightly against the confining
fertilization membrane and completelv fills the space.  Cytolysis
will result in sea water which has been sufficiently diluted and
in this case, as in that of cytolysis caused by prolonged warming,
the granular material completely fills the perivitelline space
which may be more than twice the original diameter of the egg.
When extra-ovates rupture through the fertilization membrane
after treatment with hypotonic solutions, the egg is drawn over
tightly against the inner surface of the membrane at the point
of rupture, the thinness of the membrane being evident at the
constricted neck between the extra-ovate and the main egg mass.
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Again, in the formation of the blastula the cells range up close
to the inner surface of the fertilization membrane and completely
obliterate the interior space giving a further indication that
neither a thickened vitelline membrane nor any “gel” is there.

These demonstrations may be made immediately after fertiliza-
tion so that there is no necessity to assume that the vitelline
membrane or a gel in the perivitelline space has had time to
undergo liquefaction.

The above facts and others which might be referred to all
indicate the fluid character of the contents of the space between
the fertilization membrane and the egg surface and serve to
substantiate the conception of the fertilization membrane stated
in the opening paragraph of this communication. In the case of
both Arbacia and Asterias the fertilization membrane is a struc-
ture which arises at the surface of the egg and is subsequently
lifted from it and distended by fluid. Depending upon the
time of fertilization of Asterias eggs relative to the formation of
the polar bodies these structures may be outside the fertilization
membrane, inside the perivitelline space or the first outside
and the second within the fertilization membrane.

Heilbrunn! has reviewed the subject of membrane production
by Arbacia eggs under the influence of various chemicals. He
concludes with Herbst and others that in this form the membrane
exists preformed on the surface of the unfertilized egg and that
fertilizing agents merely cause its elevation. He gives evidence
in support of the view that this elevation is the result of lowering
of surface tension and swelling of proteins beneath the membrane.
In the light of our findings it is clear that the fluid character of
the contents of the intra-membranal space and the progressive
increase in its bulk as the membrane is lifted away from the egg
indicate that the colloids are in solution and that the process
mvolves 'ghe osmotic attraction of water.

It is not yet demonstrated that a membrane exists preformed
on the surface of unfertilized A4sterias egg and the formation of a
membrane on a fragment of Arbacia egg as described by Moore
(loc. cit.) are facts which speak, in these instances, for the forma-
tion of the fertilization membrane de novo.

1 Heilbrunn, Lewis V., BioL. BuLL,, 1913, XXIV, p. 343.



THE EFFECT OF ULTRA-VIOLET LIGHT RAYS UPON
THE DEVELOPMENT OF THE FROG'S EGG.

W. M. BALDWIN,

DEPARTMENT OF ANATOMY, UNION UNIVERSITY (ALBANY MEDICAL COLLEGE).

[t Tur ArtiriciaL PropvctioN oF ForLbeD (U-SHAPED)
EaBryos.

This paper is the second of a series dealing with an investiga-
tion of the nature and mechanism of causation of certain ab-
normal, developmental results obtained by raying certain re-
stricted arcas of the fertilized ovum of the frog by means of
ultra-violet light rays. Since the first paper dealt with the pro-
duction of a single type-defect, spina bifida, the possibility of
production of another constant and fixed experimental result,
a folded or U-shaped embryo, justifies the separate consideration
of that result in this contribution. Once again the value of the
physical method of attack upon the complex problem of de-
velopmental reaction is demonstrated. In this problem we are
concerned with a readily controllable and constant, causative
agent on the one hand and a uniform embryological defect on
the other. This one technical condition permits of a more
thorough analytical inquiry into the mechanism of production
of this developmental defect. In addition to this consideration,
however, as is to be expected the experiment gives further insight
into the genetic constitution of the fertilized, undivided ovum,
and, more specifically, helps in the identification and location of
the organ forming substances and anlagen. The apparatus used
for the experiment was that detailed in the preceding paper.
Some of the work was done, however, with an apparatus for
the use of which I am indebted to Mr. \V. S. Andrews, of the
General Electric Company at Schenectady. With both forms
of apparatus, the surface area concentration of the rays was
increased through the use of convex quartz lenses.

The eggs used were those of the common species of frogs found

204
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around Ithaca and also Schenectady, N. Y. These were collected
early in the morning, as soon as possible after laying. They
were brought into the laboratory, divested of their jelly, and
rayed while still in the undivided or two-celled stage. A thin
tin-foil diaphragm perforated by a hole three tenths of a milli-
meter in diameter shielded most of the surface area of the eggs
from the rays but permitted a rclatively small portion of that
area to be influenced. After raying, the eggs were transferred
to a jar containing 1,000 c.c. of tap water in which they were
permitted to develop, the water being changed frequently.

Physicists have definitely established the fact that ultra-violet
light rays possess a very slight penetration capacity. We are
justified, hence, in assuming that the chemical alterations pro-
duced by the rays acting under these conditions were restricted
to a superficial layer of protoplasm of the egg in the restricted
area mentioned. The interpretations presented in this paper
are made, accordingly, upon that basis.

The surface area of the egg subjected to examination in this
experiment is best demonstrated by a reference to Fig. 1. A

FiG. 1.

two-cell ovum is shown with the animal pole uppermost. The
broken line marks cut the arca investigated. As is to be seen
this extends from the region of the equator up towards the animal
pole but is exclusive both of the pole itself and of a narrow median
strip which connects the latter with the equator. As can be
seen this region is exclusive of the gray crescent. Different
portions of this area were rayed successively with the three
tenths millimeter beam of light. As a result, when development
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was permitted to progress without further interference, the long
axis of the trunk of the embryos was invariably bent towards
one or the other side. The level of this bending or flexure of
the trunk depended directly upon the location of the area in-
fluenced by the light.

Since the jelly which envelops the eggs had been found in
the spina bifida experiments to be impervious to ultra-violet
light rays, care was taken to remove it prior to the experiments-
As a result a marked increase in the percentage of positive results
followed the raying. \Where, as was the case more particularly
with green frog’s eggs, the jelly could be removed almost com-
pletely, about every egg rayed developed an abnormality which
conformed to this general, U-shaped type. Three type-experi-
ments may be presented for the purpose of demonstrating the
constancy of results. On May 27, 1914, 9 eggs in the two-celled
stage were rayed, each for 1 minute. One died before develop-
ment had progressed more than 24 hours. Of the 8 remaining
all were U-shaped. Three of these were permitted to develop
until the tail and head were well'formed. The others were killed
at carlier developmental stages. On June 18, 1914, 25 cggs
were rayed, each for 30 seconds. These were in the one- and
two-celled stage. Various portions of the prescribed area above
the equator were influenced. Three died within 24 hours, one
lived until the neural groove had disappeared and presented a
marked curvature of the trunk. All of the remaining 21 were
U-shaped. On June 23, 1914, an exposure of 19 eggs in the one-
and two-celled stage was made, each for 30 seconds. Eight of
these were rayed in the designated area, and 11 along the equator.
One of the eight died early, of the remaining 7 all were U-shaped.
The 11 others demonstrated spina bifida.

The inference scems justifiable, therefore, that the constant
type of defect produced is the result of a constant and uniform
degree of alteration of the superficially-placed egg substance in
the area illuminated. Just what the nature of this effect is we
are at present unable to state. It would appear that the proto-
plasm, using this term in its broadest sense, had been modified
in some chemical way to a degree which not only rendered it
unfit for participation in the subsequent chemical ontogenetic
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processes of which it normally was a part but, in addition, caused
its presence to act as a mechanical hindrance to the developmental
shifting of anlagen.

Studies of the action of ultra-violet light rays have produced
proof that proteins, carbohydrates, and lipins may be chemically
altered by means of this form of energy. To review the experi-
mental results briefly: Massol and Kluyver have ascertained
that starches may be altered, and Stoklasa, Zdobnicky, Chau-
chard and Mazoné, and Pougnet that they may be ultimately
broken up. Diastase may be liberated in plants (Maquenne and
Demoussy). Bierry, Henri, and Ranc have inverted cane sugar.
Agulhon, Maurain and Warcollier, and Raybaud "presented
evidence that the action of enzymes in the presence of oxygen
was weakened and destroyed by ultra-violet light. Furthermore,
albumen may be coagulated (Bovie) and the iodine content of
fats may be lowered (Roemer and Sames). Thus we may
reasonably infer that ultra-violet light rays are capable of bringing
about certain chemical modifications of the protoplasm of the
cell to all or to part of which we may attribute the abnormality
in development noted. The . evidence is lacking at present,
however, which might enable us to associate this developmental
result with a specific alteration of protein, of carbohydrate, or
of lipin.

It was pointed out in the preceding paper that the superficial
mass of altered protoplasm situated between the approximating
neural ridges prevented their normal fusion with the consequent
formation of a complete neural tube. The condition of spina
bifida resulted, therefore, as a direct result of the mere mechanical
interruption of this process. The action of the altered proto-
plasm was owing entirely to its passive function as a mass which
mechanically interfered with the medianward, migratory move-
ment of the hemineural anlagen. At least, in this one factor
could be found sufhcient evidence as the causative condition of
this abnormality.

In the present instance of the U-shaped embryo, however, the
inert mass was located lateral to and above the level of the hemi-
neural anlagen. It could not, therefore, by virtue of inter-
position mechanically interfere with the approximation of the
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neural tube-halves. Because of its lateral position and close
relationship to one of these halves it might exert, however, a
restraining influence upon the rate of migration of the tube-half
of the corresponding side of the egg. This retardation of the
shifting of the hemineural anlagen on the affected side induced a
correspondingly exaggerated migratory process in the anlagen
upon the unaffected side of the egg. As a result of this loss of
coordinated, migratory movement, the anlagen upon the affected
side had not yet reached the median plane before fusion took
place with the unaffected anlagen by reason of their exaggerated
migration. The normal angularity of the hemineural long-axis
persisted more or less completely, therefore, in the adult tadpole
as a result of this process. This was expressed by the curvature
of the trunk invariably towards the affected side. The location
of this flexure, as was stated above, was directly dependent upon
the segmental level of the affected area of protoplasm.

It is a singular fact that the histological sections failed to
demonstrate a single gross or microscopic defect in these embryos.
The viscera developed normal in shape and in size. No defects
could be recognized in the muscle segments. The mass of these
in the concavity of the flexure was estimated roughly to be the
same as that of the corresponding segments on the convex side
of the body though their shape was necessarily distorted to fit
the concavity. The yolk mass of the trunk of the embryo was
completely utilized in the differentiation of the tissues and in the
metabolical processes of the embryo. There was no evidence at
any time that a portion of this yolk mass had been rendered
completely inert by the rays and consequently excluded from
participation in the normal chemical developmental processes
of the body.

The action of the rays inferentially, therefore, had not induced
stuch chemical changes as would permanently eliminate the sub-
stances affected from participation in.the normal organo-genetic
or somatogenetic processes. But the rate of chemical modifica-
tion of these substances in participation in the normal metabolical
processes of the embryo was, however, retarded. We may find in
this retardation of chemical participation additional evidence
for the causation of the check of the normal lengthening process
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of the embryo on the affected side. The opposite side progressed
approximately at its normal, but comparatively greater, rate. As
a result, the flexure of the neural tube increased proportionate
to the developmental progress of the embryo. In other words,
as an embryo increased in age the angle formed by the trunk with
the tail became more and more acute until a condition was
arrived at finally in which the long axis of the trunk lay parallel
to that of the tail.

The sketches presented with this paper are intended merely
to demonstrate the general morphological and histological fea-
tures which are characteristic of the development of these ab-
normal, U-shaped embryos. It may be stated, however, that
no great attempt has been made to make them faithfully repre-
sentative of all of the histological details of the tadpoles. In
many instances the drawings are composite. In every instance,
however, the basis of each drawing has been an actual specimen.
The figures are to be interpreted, therefore, as merely type
representatives of the numerous examples which are illustrative
of the peculiarities of this form of abnormal development.

Fig. 2 represents an embryo in the early stages of development

FiG. 2.

viewed from the dorsal aspect. The deep furrow which pene-
trates from the left, to and beyond the center of the embryo
mass represents the line of apposition of the two portions of the
right flank of the embryo which is so bent upon itself that the
right surface of the tail region is in contact with the right surface
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of the head region. Actual continuity of the tissues, however,
does not exist. The cephalic end of the embryo, which is repre-
sented below and to the left of the sketch, is distinguished by its
greater transverse diameter. The area of protoplasm in this
specimen affected by the rays lay in the concave bend of the
trunk at the extremity of the cleft. It will be noted that this
flexure 1s sharply restricted to a relatively small portion of the
embryo. Cephalic to and caudal to this level, both the head-end
and the tail-end of the embryo are, respectively, of normal shape.

Occasionally, the two neural tube-halves fail to unite in the
caudal region, bringing about a condition which is demonstrated
well by Fig. 3. In this the yolk mass is represented as projecting

Fic. 3.

to the right between the caudal extremities of the divided neural
tube. This is an early developmental feature in the production
of the condition of spina bifida, the divided condition of the
neural tube-halves persisting in the adult free-swimming tadpole.
The bend in this particular embryo 1s represented as occurring
high up in the trunk region. The cephalic end of the embryo is
shown with its right surface resting against the right neural
tube-half caudally. As was noted in connection with the pre-
ceeding figure, so is it likewise true of this, both cephalic to
and caudal to the angle of the fold, aside from the features of
spina bifida, the appearance of the embryo is practically normal.
The stages of development represented by these two figures are
relatively early, consequently but little of the ordinary features
of external configuration of the embryo can be made out.
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A still later stage of development demonstrating a more
marked differentiation of the tail from the head region is shown
by Fig. 4, while the tadpole in Fig. 5 represents the external
features of these tadpoles during the free-swimming period. In
this latter picture, the sucker, the eyes, the external gills and the

FiG. 4.

tail fins are readily made out. The sharpness of the fold in the
trunk in both instances indicates a restricted localization of the
alteration produced in the protoplasm of the developing ovum.

These creatures are unable to straighten out the flexure of
the trunk. They swim, as was noted before, by means of
ordinary tail movements, the vigor of which is not impaired

in any single instance. As can readily be understood by refer-
ence to the figure, however, the abnormal position of the caudal
long-axis, with regard to the long-axis of the head and remaining
portion of the trunk, is such that the swimming movements of
the tail tend to force the embryo about in a circular or spiral
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direction. Because of the condition of fixity of the bend pro-
gression directly forward is necessarily out of the question.

The deformity represented by Fig. 6 is illustrative of the second
mechanism of production of the folded embryos. The concave
side of the neural tube, to the right in the figure, is occupied
by irregular bulgings of the epidermal surface of the embryo.
When the development of embryos conforming to this type is
followed from day to day, it is noted that the flexure of the neural
tube becomes greater from day to day. The apparent occasion

|

FiG. 6.

of this is referable chiefly to two factors; one, the normal but
relatively more rapid growth of the normal myomeres to the
left of the longitudinal axis of the body, and the other, to the
relatively, and actually slower, growth of them upon the concave
side of the median body plane. Histological studies demon-
strated as well that differentiation in the myomeres upon the
affected side was somewhat retarded.

There are, therefore, these two general developmental mechan-
isms either of which leads to the production of a U-shaped
embryo. In one the angularity of the bend is constant from the
time of its first appearance in the embryo, whereas in the other
this angularity increases with the succeeding stages of differentia-
tion and growth of the anlagen. The end result is identical,
however, in both instances both from the morphological and the
histological standpoint. Furthermore, in both instances the seg-
mental relationship of the bend to the area of protoplasm altered
in the ovum is the same.
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The broken lines shown in Fig. 4 bear numerals which corre-
spond to the planes of section represented by the succeeding
figures, 7 and 8. The cross-section represented by 7, therefore,
passes through the embryo at the level of the fold in the neural
tube. The two halves of the yvolk mass with sections of the

enteron which belong, the one to the cephalic end and the other
to the caudal end of the embryo, are shown separated from each
other by a deep cleft lined by ectoderm. Dorsal to the enteron
lie two sections of the notochord with the myomeres sectioned
in their long-axis between them. Between and dorsal to these

FiG. 8.

two portions of the notochord, the oblique section of the bend
in the neural tube, demonstrating the neurocele as well, is to be
seen. The level represented by Fig. 8 includes the region of the
brain and subjacent pharynx to the right and the trunk to the
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left. Both portions of the embryo are connected with each
other by a narrow strip of mesenchymal tissue at the bottom
of the epidermal cleft. The notochord is to be seen only in the
left half of the embryo with the myoblastic tissue to either
side of it, the enteron ventral and the neural tube dorsal. The
stage is so early that most of the yolk cells are in an undiffer-
entiated condition.

Figs. 9, 10 and 11 are sections of one and the same embryo.

In this the bend of the trunk occurred at about the level of
its middle segment. The section-knife encountered both the
neural tube and the notochord at their curvature. The un-
differentiated yolk-mass of the two limbs of the U are connected
by a relatively slender commissure-like mass of yolk cells and of

mesenchymal tissue. The section of Fig. 10 taken at about the
level 8 of Fig. 4 demonstrates on the left the transsected noto-
chord with the cephalic end of the definitive spinal cord corsal
to it, both imbedded in myoblastic cells not yet well differ-
entiated. A section of notochord and of spinal cord with the
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enteron ventrally placed to them are to be seen in the right half
of the sketch. There is no indication at this early stage of a
beginning formation of the anlagen either of the liver or of the
pancreas. The section represented by 11, however, passes
through the head region at the level of the eyes. To the left in
this sketch there can be identified the cephalic portion of the
neural tube with its well-differentiated walls showing a degree of
stratification. The neurocele appears clear and contains no cell

detritus. The neuroblasts do not demonstrate any pathological
features. A thin layer of mesenchymal tissue intervenes between
the roof of the neurocele and the epidermis. Tmmediately ventral
to this section of the brain cavity the knife has encountered
another portion of the normally folded brain stem with its
ventricle and, projecting to either side from its ventral aspect,
a portion of the optic commissure and stalks proceeding laterally
to the optic cups. The cytological appearance of these structures
presents no departures from normal. The cavities are free from
cell detritus. The lens of the eye on both sides is in its normal
position. Stratification of the walls of the optic cup, of the
stalk and of the brain vesicle have progressed to their normal
relative degree. Immediately ventral to these structures in the
median line is shown a section through the pharynx, the cells of
which, as well, show none but normal features. The right half
of the sketch demonstrates the prominent caudal fin, transected
neural tube and notochord, and the caudal extremity of the
enteron, the last embedded in the dorsal region of the yolk
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mass. The mesenchymal tissue to either side of the neural
tube and notochord presents normal features.

Comparable to the levels represented by Figs. 7 and 9 is the
section represented by Fig. 12. Here again the flexure of the
neural tube lies dorsal to the notochord sections. Tmmediately

Fi1G. 12.

ventral to the latter the forms of the elongated myoblasts are
to be made out. A relatively early stage of development of the
enteron is evidenced by the condition of the yolk cells, the sym-
metrical masses of which are separated by the deep epidermal
cleft.

In the succeeding four figures, 13, 14, 15 and 16, embryos are

Fi1G. 13. ' FiG. 14.

represented in each of which the angularity of the flexure was
not sufficient to bring the long axis of the two body portions
parallel to each other. In each instance, the cephalic extremity



DEVELOPMENT OF THE FROG'S EGG. 307

of the embryo projected from the trunk at approximately a right
angle. Consequently the neural tube is sectioned in the head
region parallel to its long axis, but in the trunk region at right
angles to its long axis. In Fig. 14, for instance, the head end
of the embryo projects to the right. The walls of the brain

vesicle demonstrate no abnormal features. Because of a certain
amount of twisting of this extremity but little of the pharynx
appears in the section upon the ventral aspect of the brain stem.
At the left extremity of the neural tube an almost perfect tran-

FiG. 16.

section of the cephalic end of the cord is shown. The notochord
with the transected enteron and the yolk-cell mass are repre-
sented immediately ventral to the tube. In Fig. 15, the cephalic
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extremity of the embryo is shown above to the left resting upon
the trunk of the embryo. Here again approsimately the long
axis of the brain tube has been encountered by the section knife.
Stratification of brain walls has begun. The enteron together
with the notochord lie to the right in the sketch. The meso-
dermal cells constituting the wall of the pharynx lie immediately
ventral to the brain tube. Fig. 16 presents these same general
features and, in addition, a bifid appearance of the caudal
portion of the neural tube upon the right side of the sketch.
The ectoderm folds in between the two tube-halves each of
which, while presenting an entire tube, demonstrates its deriva-
tion by reason of the thinning of its medial wall. This appear-
ance has been previously referred to in the paper on the condition
of spina bifida.

It is to be noted that not one of the histological sections,
which are presented, as was mentioned before, as merely typical
instances of the appearance of the tissues during the different
developmental stages of the embryos, presents any indications
whatever either of cell or of tissue disorganization. There is no
indication of the presence of degenerated areas of protoplasm
either in the yolk mass or in the normal body cavities, nor can
there be found any degenerated or extruded nuclei. The organs
of the embryo such as the enteron, the brain, the cord, the myo-
meres, the notochord, and so on, seems to be normally formed
and are of the normal size. So far as can be ascertained through
the study of longitudinal sections of the myomeres at the level
of the bend in the trunk the cause of this phenomenon is not,
apparently, referable either to a degeneration or to a falling
out of myomeres upon the concave side of the trunk. As might
be reasonably expected. however, the myomeres upon this side
have a form which departs from the normal in so far as the
segments conform to the concavity. The corresponding seg-
ments on the opposite side of the fold are consequently relatively
elongated. The normal morphological appearances of the tissues
argued for a normal physiological activity as well, and this seemed
to be attested by the movements and general vitality of the
tadpoles. None of these tadpoles was permitted to live, however,
to the period of transformation.

.
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In the preceding paper on ‘‘ The Artificial Production of Spina
Bifida” it was noted that, apparently, the proanlagen and
anlagen of the embryo were restricted to the pigmented hemi-
sphere of the egg, that the raying of a small localized surface-
area of the yolk hemisphere or of the region of the quarter pro-
duced invariably the condition of spina bifida in the embryo.
I't was noted in these embryos, however, that indications of the
destruction of cell groups or of definite areas of protoplasm in the
adult tadpoles were absent. No gross structural defects of organs
aside from the bifid character of the spinal cord were demon-
strable. Where the dosage of ultra-violet light ray energy was
sufficiently great, however, a mass of protoplasm equal in size
to the superficial area affected was extruded from the body of
the embryo. This was observed as well in this present experi-
ment. , Under such conditions naturally the developed embryo
demonstrated both an organic and a structural defect. When
the dosage is reduced in amount, however, it is demonstrated
both by these and by the spina bifida experiments that the possi-
bility exists for the production of a developmental defect the
structural cause of which may not be present or recognizable in
the adult. The absence of atypical cytological characters as
well as organic defects and of exovates must force us to the con-
clusion that either such did exist for a longer or shorter period
during the development of the embryo and subsequently became
incorporated into the structure of the body as the result of an
elaborate but delayed chemical transformation, or that there
ensued upon the raying a transitory suspension of the physio-
logical activity of the cells affected with a later complete resump-
tion of that activity. Either conclusion must force us to pre-
sume, however, the presence of a chemical alteration either of
cell content or of cell mass as a direct result of the raying.
Indeed, it would be rather difficult to contend that no change
was brought about in the chemical composition of the protoplasm
in the area affected by the rays.

Since it has been definitely proved that protein substances,
carbohydrates and lipins may be altered to some degree in their
chemical constitution by this form of energy, it does not appear
to be unreasonable to infer that one or all of the corresponding
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groups of substances may be susceptible to the influence of the
rays while still in the living ovum. Exovation as the direct
result of the application of a great amount of energy may be
cited as an instance of this alteration. The normal histological
features of the embryo, and of the adult tadpoles, however,
argue the presence of a process of restoration or of regeneration
during the time of development of the embryo of the changes
which were brought about through the activity of the rays.
[t might be assumed, accordingly, that the chemical modifica-
tion thus artificially produced is gradually rectified during the
developmental cycle but during the early stages of this process
the substances involved are incapable of entering into their
normal functions in the chemical elaboration of the pro-anlagen
and anlagen. The resultant action of these altered substances
might be interpreted, therefore, as that of an inert body which
serves, as was seen to be the case with the spina bifida embryos,
as a check to the gross, mechanical shiftings characteristic of
the normal genesis of the anlagen. The absence of an area of
altered protoplasm or of organic defects in the adult tadpole
is the basis for the logical argument that the chemical readjust-
ment of the protoplasm, altered by the rays, is ultimately com-
pleted to the degree that this protoplasmic mass does enter
finally into its usual function in the elaboration of the normal

anlagen.
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I. INTRODUCTION AND GENERAL STATEMENT OF THE PROBLEM.
Observations on vertebrate teratology date almost from the
beginning of descriptive biology, though active accumulation of

experimental data on the frog especially, began little more than
B2
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.

a quarter of a century ago. Among the early papers on the
subject may be mentioned those of O. Hertwig (1892, 1894
1893, 1896); Gurwitsch (1895, 1896); Morgan and Tsuda (1894).

These and other workers have studied the early development
of certain teleosts, amphibia and birds under the influence of
such physical factors as: gravity, mechanical pressure, tempera-
ture, light, electricity and magnetism, X-rays, radium emana-
tions, atmospheric pressure, and a wide variety of chemical
substances.

It is perhaps sufficient, here, merely to mention the essential
similarity of terata produced by widely different methods, such,
e.g., as high and low temperatures, many different chemical
agents, and heterogeneous hybridization. Equatorial gastrula-
tion, embryos with permanent volk plugs, with spina bifida,
microcephalic forms and many other abnormalities in the frog
have been produced by nearly all the methods known to experi-
mental teratology. For instance, microcephalic frog embryos
with permanent yolk plugs, and spina bifida have been produced
by exposing different stages in development to such external
agents as: high temperature (Jenkinson, 1909, p. 98, fig. 49);
0.6 per cent. NaCl (Hertwig, 1894, p. 315, 310, 1893, plate XX,
figs. 5, 6, 7, 10, 12, 15, 16, et al); fertilizing “over-ripe”’ eggs
(Hertwig, 1892); strychnine (Gurwitsch, 1896); sugar solutions
(Bataillon, 19or1, figs. 2, 5); Jenkinson (1906) produced these
samc types (among many others) in a number of isotonic solutions
of Na,SO4, KoSO4, NaNQ;, urea, sugar solutions, et al.

Cyclopia in [Fundulus has been produced by physical and
chemical agents and by hybridization. Stockard (1909) obtained
this anomaly with the aid of magnesium chloride and for a time
ascribed a specific cyclopia producing property to this salt.
Later, Stockard produced cyclopic monsters with alcohol and
other substances and was forced to abandon his theory of
specificity.  McClendon (1912) had no difficulty in producing
cyclopia in isotonic solutions of NaCl, LiCl, MgCl;, NaOH and
in alcohol, and other substances. McClendon is somewhat at a
loss to explain his results but sums up the facts in these words:
“We need only suppose that the cells between the eye anlagen
are more casily affected than other cells of the embryo, to explain
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the action of the solutions.” Werber (1913, 1916, 1917) ob-
tained all the known tyvpes of terata in Fundulus by using
substances usually found among the products of destructive
metabolism, viz., butyric acid, acetone, urea, lactic acid, etc.
In the concentrations used he found butyric acid and acetone,
especially the latter, somewhat more effective than the other
substances in the production of monstrous development. Werber
looks upon abnormal development as due to a “blastolytic”
action of the deleterious agent upon the primordial regions of
the eggs, especially those at the anterior end of the body.
Kellicott (1916) has secured the usual wide variety of terata in
Fundulus simply by subjecting the early egg stages to the action
of low temperature. He is inclined to look upon teratogenesis
as being due in some way to a ‘‘disorganization’’ of the egg
materials. Newman (1917) noticed the same range of ab-
normalities among his heterogeneous Fundulus hybrids and
applied Child’s axial gradient theory to the interpretation of
these and other terata seen in teleosts produced by chemical
and physical agents.

Perhaps enough has been said by way of a preliminary s